Objective: The aims of this study were to investigate the changes in serum cholesterol levels at the onset of bloodstream infection (BSI) and to determine whether serum cholesterol levels were associated with patients' clinical backgrounds and the prognosis of BSI. Methods: A retrospective chart review was done to collect demographic information and the subjects' medical history, invasive procedures, and medications. Patients and Methods: From April 2003 to March 2006, all patients aged ≥20 years with positive blood cultures in the University of Tokyo Hospital (a tertiary teaching hospital with 1200 beds) were enrolled. Results: Average cholesterol levels before the onset of BSI were 166.5 ± 46.5 mg/dL, and, at the onset of BSI, they decreased to 134.4 ± 45.0 mg/dL (p < 0.001). Thirty-day survivors had higher cholesterol levels both before and at the onset of BSI than non-survivors. Cholesterol levels at the onset of BSI were associated with the organisms of BSI. Patients with lower cholesterol levels tended to have higher 30-day mortality rates and longer medical treatment than patients with higher cholesterol levels (13% vs 3%, p = 0.12; 24.3 days vs 18.4 days, p = 0.15). Conclusion: Cholesterol levels at the onset of BSI could be used as a prognostic marker in patients with BSI.
Introduction
Infection and inflammation induce the acute phase response, which leads to multiple changes in lipid metabolism. In various types of acute tissue injury, such as myocardial infarction, the plasma cholesterol level is consistently depressed [1] . It was previously reported that, over the clinical course of severe sepsis, plasma cholesterol levels rapidly decreased and then increased slowly [2] . However, the cholesterol levels prior to the onset of sepsis were not reported. To the best of our knowledge, there have been no reports dealing with the changes in serum cholesterol levels from the pre-clinical stage of bloodstream infection (BSI) to the onset of BSI. A previous study reported that lower plasma cholesterol levels were observed in patients with sepsis caused by gram-positive cocci or gram-negative rods [2] . In addition, hypocholesterolemia has been reported to be a prognostic marker in patients with acute inflammation, such as febrile neutronpenia and critically ill surgical patients [3, 4] . Recently, low level of apolipoprotein A-I is associated with a marked impairment of effective arterial volume, multiple organ dysfunction and a poor prognosis [5] [6] [7] . However, no previous studies have determined whether serum cholesterol levels and their changes at the onset of BSI are associated with the causative organisms of BSI and the prognosis of BSI. In the present study, we investigated whether serum cholesterol levels changed at the onset of BSI, and whether serum cholesterol levels were associated with the pathogens and the clinical outcome of BSI.
Patients and Methods

Patients
From April 2003 to March 2006, all patients aged >20 years with positive blood cultures in the University of Tokyo Hospital (a tertiary teaching hospital with 1200 beds) were enrolled. A retrospective chart review was done to collect demographic information and the subjects' medical history, invasive procedures, and medications. This study was approved by the review boards of the University of Tokyo.
of BSI (as a baseline cholesterol level); the second period lasted between 0 -2 days after the onset of BSI. Patients for whom lipid lowering drugs were prescribed were excluded. Total cholesterol levels were determined using an autoanalyzer (Hitachi 7600-120; Hitachi-medico, Tokyo, Japan). Patients whose CRP levels at the first period were greater than 1.0 mg/dL were excluded from the study. Patients who had more than one episode of BSI caused by the same pathogen within 30 days after the previous episode were regarded as having the same episode. The patients were divided into two groups according to their total cholesterol levels both before and at the onset of bacteremia; the average total cholesterol levels before and at the onset of BSI were used to divide the groups. The onset of BSI was defined as the time when positive blood cultures were collected. The CRP at the onset of BSI was defined as the maximum CRP that was recorded during the first three (0 -2) days after the onset of BSI. The severity of BSI was assessed using the Acute Physiology and Chronic Health Evaluation II (APACHE II) scores [8] .
Microbiology
Blood specimens were inoculated using BacT/ALERT FAN bottles (BioMerieux); the positivity of blood cultures was judged using the BacT/ALERT 3D system (BioMerieux), the automated microbial detection system using colorimetric sensor-and-detection technology which detects microorganisms by tracking CO 2 production.
Statistical Analysis
Relationships between categorical variables were analyzed using Pearson's chi-square test; Fisher's exact test was used when the expected count was less than 5. Continuous variables were compared using Student's t-test. All p values were two-sided, and p < 0.05 was considered significant. All of the analyses were performed using SPSS software for Windows (Ver.10.1).
Results
Demographic Data of Patients with BSI
Of the 1667 cases with positive blood cultures during the 3 years of surveillance, 81 met the criteria in that their cholesterol levels were examined both before and at the onset of BSI ( Table 1) . Fifty-eight patients were male (72 %), and 23 were female (28 %). The average age of the patients was 61 ± 16 years (range, 21 -96 years). With respect to preexisting comorbidities, 37 (46%) patients had malignancies. The numbers of each pathogens of BSI were as follows; Streptococcus spp. in seven, Staphylococcus aureus in five, Coagulase-negative staphylococci in 11, Enterococcus spp. in six, Escherichia coli in six, Collagen disease 5
Chronic viral hepatitis, liver cirrhosis 9
Diabetes 3
Coronary heart disease 3
Cerebrovascular disease 5
Others 19 Total 81
Klebsiella pneumoniae in three, Enterobacter spp. in six, Serratia spp. in two, Proteus spp. in two, Citrobacter spp. in three, Pseudomonas aeruginosa in three, other bacterium in 13, Candida spp. in five, other fungus in one, and polymicrobial in 11.
Cholesterol Levels before and at the Onset of BSI
First, changes in serum total cholesterol levels before and at the onset of BSI were examined. Serum total cholesterol levels before and at the onset of BSI are shown in Figure 1 . The average total cholesterol level before the onset of BSI was 166.5 ± 46.5 mg/dL; it decreased significantly to 134.4 ± 45.0 mg/dL at the onset of BSI (p < 0.001). These results indicated that, at the onset of BSI, total cholesterol levels decreased from the baseline cholesterol levels. In five patients the cholesterol level was elevated at the onset of BSI by more than 10 mg/dL, and in eight patients the change of the cholesterol levels between before BSI and at the onset of BSI were within 10 mg/dL. There was no difference between the non-cholesterol decreasing group and the cholesterol non-decreasing group in age, sex, underlying diseases, and type of pathogens. One patient with the elevated cholesterol level at the onset died within 30 days. 
Serum Total Cholesterol Levels in Survivors and Non-Survivors
Serum total cholesterol levels before and at the onset of BSI were compared between 30-day survivors and nonsurvivors. Total cholesterol levels before BSI were significantly lower in non-survivors than in survivors (p = 0.032) ( Table 2) . Total cholesterol levels at the onset of BSI were also significantly lower in non-survivors than in survivors (p = 0.049). However, the changes in cholesterol levels from before BSI to the onset of BSI were not different between non-survivors and survivors. These results show that non-survivors had lower total cholesterol levels than survivors both before and at the onset of BSI.
Cholesterol Levels before the Onset of BSI Are Not Associated with Clinical Outcomes in Patients with BSI
The patients were divided into two groups according to their serum total cholesterol levels before the onset of BSI. The average serum cholesterol level before the onset of BSI (167 mg/dL) was used as the cut-off point. As shown in Table 3 , the clinical backgrounds and causative organisms were not different between the two groups. In addition, no significant differences between the two groups were observed in 30-day mortality and average treatment durations. These results suggest that serum total cholesterol levels before the onset of BSI were not associated with clinical outcomes in patients with BSI.
Cholesterol Levels at the Onset of BSI Are a Prognostic Marker of BSI
Finally, whether serum total cholesterol levels at the onset of BSI could be used as a prognostic indicator of BSI was examined. The patients were divided into two groups according to their serum total cholesterol levels at the onset of BSI. The average cholesterol level at the onset of BSI (134 mg/dL) was used as the cut-off. As shown in Table 4 , there were no significant differences in clinical backgrounds (age, sex, proportion of patients with malignancy, CRP levels, and proportion of patients with an APACHE II score >15) between the two groups. However, in the higher cholesterol group, gram-positive cocci were more frequently detected than gram-negative rods, while gram-negative rods were the dominant causative organisms in the lower cholesterol group. In fact, the ratio of gram-positive cocci to gram-negative rod infections was significantly different between the two groups (p = 0.05). Thirty-day mortality tended to be higher in the lower cholesterol group (13%) than in the higher cholesterol group (3%), though the difference was not significant (p = 0.12). Furthermore, the average treatment duration was longer in the lower cholesterol group than in the higher cholesterol group, though the difference was not significant (p = 0.15). In order to evaluate the cholesterol level with the lowest false-negative rate in the 30-day mortality, other cutoff levels at the onset of BSI were selected instead of the average cholesterol level. Using a serum cholesterol cutoff value of 143 mg/dL at the onset of BSI, which was the highest level in non-survivors, the lower cholesterol group had a significantly higher mortality than the higher cholesterol group (14% vs 0%; p = 0.04). The lower cholesterol group had a sensitivity of 100%, a specificity of 39%, a false-positive rate of 61%, and a false-negative rate of 0% with respect to 30-day mortality. Receiver Operating Characteristic (ROC) curve analysis was performed ( Figure 2) ; the area under the ROC curve (AUC) was 0.66. These results imply that patients with lower serum total cholesterol levels at the onset of BSI have a worse prognosis than those with higher serum total cholesterol levels. Thus, the serum total cholesterol level at the onset of BSI could be used as a prognostic marker for BSI.
Discussion
In the present study, the cholesterol levels obtained before and at the onset of BSI were compared retrospectively. It was found the total cholesterol levels decreased significantly at the onset of BSI. A previous report involving 17 patients with severe sepsis found that total cholesterol levels decreased and reached a nadir on day 3; however, this study did not report the total cholesterol levels prior to the onset of sepsis [2] . This previous report also showed that total cholesterol levels decreased in patients with severe sepsis as a result of decreases in both LDL cholesterol and HDL cholesterol levels [2] ; however, the mechanisms respon ible for the decreases in the s cholesterol levels have not been thoroughly studied. All of the 81 patients in our study had their cholesterol levels measured before the onset of BSI and at the onset of BSI; however, the number of patients whose HDL cholesterol and LDL cholesterol levels were available was small due to the retrospective nature of the data collection. Therefore, changes in LDL and HDL cholesterol levels during BSI were not examined in the present study. Total cholesterol levels before BSI were significantly lower in non-survivors than survivors ( Table 2) , whereas between the two groups devided according the total cholesterol levels before BSI, no significant difference was observed in 30-day mortality ( Table 3) . Two non-survivors were classified into the higher group before BSI, although the cholesterol levels of the two non-survivors were slightly higher than the cutoff of 169 mg/dL. The reason why non-survivors had lower cholesterol levels before BSI has not been elucidated in this study. Lipoproteins bind to and neutralize lipopolysaccharide (LPS) [9] . HDL reduced LPS-induced activation of coagulation and fibrinolysis and collagen stimulated platelet aggregation [10] . Cholesterol also has a central role in the production of adrenal hormones, primarily cortisol [11] . Furthermore, hypocholesterolemia is related to some plasma proteins and iron binding capacity [12] . We speculated that these factors may reduce the immunological function in hypocholesterolemic patients, and induce poor prognosis in bacteremia.
The present study also found that the causative organisms differed in the higher and lower cholesterol groups at the onset of BSI; gram-negative rods were more frequent pathogens in the lower cholesterol group. No previous reports have dealt with the relationship between serum cholesterol levels and the type of causative organisms in BSI. Various pathogenic components of the microorganisms are known to induce inflammatory cytokines. In a study of patients with sepsis, it was found that patients with gram-negative bacterial infections had higher TNF-α levels than those with gram-positive bacterial infections [13, 14] . Furthermore, in a study comparing patients with septic shock to healthy controls, a significant inverse correlation was observed between serum TNF and serum cholesterol levels [15] . Given these reports and the results of the present study, the decrease in cholesterol levels at the onset of BSI may be due to inflammatory cytokines induced by microbial infection, and the different changes in cholesterol levels induced by different pathogens may be due to the degree of inflammatory cytokines induced by pathogenic components.
Furthermore, 30-day mortality tended to be higher in patients with lower cholesterol levels at the onset of BSI (12%) than in patients with higher cholesterol levels (3%, p = 0.10). It was also found that hypocholesterolemia at the onset of BSI was associated with prolonged treatment duration. In assessing the 30-day mortality of BSI, the cholesterol level with the lowest false-negative rate was considered to be the most valuable. Using a serum cholesterol cutoff value of 143 mg/dL at the onset of BSI, the lower cholesterol group had a false-negative rate of 0% with respect to 30-day mortality. Given these results, serum total cholesterol levels at the onset of BSI could be used as a clinical prognostic indicator. We suggested that in suspected cases of BSI, total cholesterol should be measured at the onset of the illnesses, and patients whose cholesterol levels were lower than 143 mg/dL should be treated immediately with antibiotic therapy.
Our study had some limitations. The retrospective design of this study could have led to data loss; there is also the possibility of measurement bias in certain variables. The study was conducted at a single institution; the clinical backgrounds of BSI patients may be different in other institutions. However, it was appropriate to limit our investigation to patients treated in a single institution so as to identify changes that occurred at the onset of BSI. Most patients analyzed in this study were Japanese. Although no studies have dealt with racial differences in total cholesterol level changes during sepsis, differences might exist. In conclusion, patients develop hypocholesterolemia at the onset of BSI, and the serum total cholesterol level could be used as a prognostic marker for 30-day mortality and treatment duration.
In conclusion, low cholesterol levels at the onset of BSI could be used as a poor prognostic marker in patients with BSI. In suspected cases of BSI, total cholesterol should be measured at the onset of the illnesses.
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